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ABSTRACT
The micro turrids in the sandy sediments substrata of Outer Barrier Reef, Danajon Bank
were systematically investigated using two diﬀerent methodologies: sediment suction and
lumun-lumun nets. Turrids morphospecies recovered from the experimental lumun-lumun
nets, which are a bundle of fine mesh fishing nets set at 15 m depth in the subtidal sandy
sediments of outer barrier reef for two months during intermonsoon, southwest monsoon and
northeast monsoon seasons were analyzed. The sediments suction method was also used to
collect micro turrids in the sandy sediment substrata in the Outer Barrier Reef. Results of the
analysis revealed that the turrids collected at 3m and 15m depth representing natural habitat
sandy substrate had about 30% morphospecies similar. The composition of turrids morphos-
pecies collected from the natural habitat sandy substrate and in the lumun-lumun nets were
diﬀerent with only one species shared by the two methods of collecting micromollusks proba-
bly due to nocturnal behavior of turrids which could have smaller chances of collecting during
day time. However, lumun-lumun nets are eﬃcient in colonizing the free-swimming veliger
and may serve as better sampler in collecting turrid recruits. The recovery of 80% microtur-
rids in the net proved that lumun-lumun is eﬃcient in recovering live tiny gastropods than
the conventional sediment suctioning method; providing great opportunity for anatomical,
morphological and molecular analysis. The very low overlap of turrid morphospecies obtained
in the lumun-lumun nets across monsoon periods implies that turrids are not self-seeding gas-
tropod.
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1 Introduction
One third of all marine species live in the coral reef environment but their abundance,
composition and spatial organization are still poorly documented. Molluscs are the most
successful of the animal phyla in terms of numbers of species after arthropods; and consid-
ered also as important component of benthic faunas in the marine sediments in terms of
abundance and biomass (Laudien et al. 2007). Gastropods inhibiting sub-tidal soft bottom
have a great influence on the population of other benthic animals; for example turrids prey
on small polychaetes (Shimek, 1983). The real magnitude of the gastropod species has
been greatly underestimated based on the survey done by Bouchet et al. (2002) in New
Caledonia and the Philippines. Many of the undescribed mollusks are extremely small
even at full adult size; being 5 mm or less, accounts the vast majority of the molluscan
biodiversity. The most species-rich groups among the mollusks are the venomous predatory
snails of the family Turridae (sensu lato) (Bouchet et al., 2002, 2009).
Mollusks conventionally collected by dredging, trawling, suction sampler and brush-
ing basket special equipment using SCUBA could be eﬀective but exhaustive methods in
accessing significant fraction of marine biodiversity. Recently, a more eﬃcient method
of collecting micromollusks called lumun-lumun has been described. The deployment of
lumun-lumun in the sub-tidal or in the drop-oﬀ provides the opportunity to examine the
biological community that settles in the net. Analysis of the single lumun-lumun com-
munity recovered in Balicasag Island revealed the presence of animals from eight diﬀerent
phyla, with a preponderance of mollusks with the ’turrids’ as the highest number of species
(Seronay et al., 2009). Lumun-lumun can potentially collect more live specimens of previ-
ously inaccessible micromollusks than the more conventional methods that recover mostly
empty shells.
We have deployed lumun-lumun nets that are more uniform in their construction, set
for about two months for every monsoon season considered in this study before harvesting
the contents. Interspersed with the location of lumun-lumun nets were the transect site of
sandy sediments representing the natural habitat of turrid. The goal of this paper was to
gauge the biodiversity, spatial and temporal variation of turrids derived from the lumun-
lumun nets in the outer barrier reef, Danajon Bank. In addition, the turrid species overlap
between the lumun-lumun nets and natural habitat were also determined.
2 Methodology
Study Area
The study was conducted on the sandy sediment subtrata of outer barrier reef, within
the Danajon Bank, 10 km NW of Nocnocan Island, oﬀ the northwest coast of Bohol in
the Central Philippines (Fig. 1). Danajon Bank is the only Double Barrier Reef in the
Philippines and one of only three such reefs in the Indo-Pacific Region (Pichon, 1977).
It comprises two sets of large coral reefs, growth oﬀshore on a submarine ridge, due to
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a combination of favorable tidal currents and ideal environmental conditions. The Bank
is also important as a source for biodiversity and known as a large breeding area for the
Visayan and Camotes Seas through export of fish and invertebrate larvae and of biomass
(Calumpong et al., 1997).
Sampling Design
The micro turrids were investigated in the sandy sediment substrata of the Outer Bar-
rier Reef using two diﬀerent methodologies; the sediment suction method collected the
samples from the natural habitat and the lumun-lumun nets functioned as artificial sub-
strate recovered turrids in the unnatural habitat. The sediment suction method was used
during the intermonsoon period while lumun-lumun nets were set during intermonsoon,
southwest and northeast monsoon seasons (Table 1). With the aid of SCUBA, a 50-m
transect was laid parallel to the reef following the contour depth at 15m in between the
location of the previously set lumun-lumun 1 and lumun-lumun 2 nets (Fig. 2). In addition
to the 15m depth transect, another transect was also established at 3 m depth at the reef
flat of the Barrier Reef. In each transect, four replicate 0.25 m2 quadrat were placed at
regular interval, thus covering a total area of 1 m2. Sediments within the quadrat were
collected using an improvised suctioning device. A controlled experimental lumun-lumun
nets was set at 15m depth during the three sampling periods with three replicate nets per
monsoon season with a distance of about 200 m between nets. Nets deployed during SW
and NE monsoon seasons were located at the same place of the intermonsoon nets. All
nets for every monsoon season were set for about two months prior to harvesting. The
geographical location of the sampling sites are relatively protected from strong wave action
during NE monsoon and exposed during SW monsoon periods. The benthic cover in the
immediate surroundings of the lumun-lumun nets were characterized mainly by abiotics
comprising more than 95% sand and the rest were rubbles.
Natural habitat turrid collection
The upper layer sediments with a depth of about 5cm within the quadrat were collected
using suctioning device with a collecting pouch of approximately 1mm mesh nylon net
attached to one end. This device was connected to the hose attached to the hookah
compressor on the boat at the surface water that produced air responsible for suctioning
sediments. The obtained sediments from the pouch were immediately transferred to pre-
labeled self-sealing plastic bag. The protocol was repeated until all the quadrats have been
sampled. The collected residues were rid of excess water and replaced with 95% EtOH to
fix molluscan fauna upon return to the surface. Micro turrids (< 5mm length size) were
sorted and classified into morphospecies using a stereo microscope in the laboratory.
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Lumun-lumun harvesting
The lumun-lumun materials used in this study were made of new fishing nylon nets with
finer mesh size, tied and bundled together; such a bundle is known as lumun-lumun. Each
lumun-lumun consisted of three bundles of fishing nets with a stretch length of 14 m long
uniformly set at the sea bottom at diﬀerent monsoon periods. Global positioning system
was used to determine the geographic location of each net deployed and for searching the
nets for retrieval. The benthic cover in the immediate surroundings of the lumun-lumun
nets were characterized mainly by abiotics comprising sand and rubbles. Setting the lumun-
lumun at the bottom in the desired depth as well as its retrieval was done with the use
of SCUBA. In retrieving the net underwater, each net was transferred to a huge basket
wrapped with mosquito net minimizing the possible escape of the tiny mollusks while the
net is brought to the surface. The net was washed thoroughly with seawater leaving the
contents of the nets inside the large plastic container. The contents of the net were filtered
through a series of aluminum fabricated sieves with the following mesh sizes: 6, 3 and
1mm. Sieving was done by pouring the contents of the nets from the plastic container to
the fabricated 6 mm mesh size sieve trapping the bigger materials and organisms in the
sieve while the finer materials passed through to another plastic container. The protocol
was repeated using the smaller mesh size sieves. Macrofaunal organisms retained in the
sieves were sorted and placed into the separate containers. The sorted specimens and the
rest of lumun-lumun contents from the smallest mesh size sieve comprising a mixture of
sediments and numerous micromollusks were preserved in 95% ethanol. In the laboratory,
micro turrids (< 5mm length size) were sorted and classified into morphospecies using a
stereo microscope (Olympus SZ61).
Data Analyses
Prior to the analysis, data was transformed by double square root in order to standard-
ize the data and to avoid clustering that was determined by the most abundant species. The
species overlap between sandy sediment habitat and lumun-lumun nets was evaluated by
counting the number of individuals for each morphospecies in the family Turridae (sensu
lato) in the transects laid at 15m and 3m depth vis--vis the nets during intermonsoon
season. Species overlaps across lumun-lumun sampling seasons were also analyzed. The
following univariate parameters were calculated for each transects site and lumun-lumun
sampling period: total abundance (N), number of species (S), and Shannon-Wiener di-
versity index (H’, log 2). A one-factor ANOVA (Analysis of Variance) was used to test
whether those parameters showed significant diﬀerences among transect sites and lumun-
lumun sampling period. The ANOSIM randomization/permutation test was used to test
for diﬀerences among monsoon seasons and depth. The number of species were summed
cumulatively (using species-area analysis implemented by PRIMER v5; (Clarke and Gorley,
2001). Diﬀerences in turrid assemblages were investigated with the Bray-Curtis similar-
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ity matrix. Nonparametric multi-dimensional scale (nMDS) ordination plots were used to
display diﬀerences in invertebrate assemblages between monsoon and depth.
3 Results and Discussion
Turrid biodiversity in the sandy habitat
The turrid assemblage in the sandy habitat transects of outer barrier reef recorded a
total of 67 specimens distributed among 34 morphospecies. The diversity ranged between
1.7 at 3m and 1.87 at 15m (Fig. 3). The number of turrid species, number of individuals
and Shannon-Wiener’s diversity index were slightly higher at 15m depth than 3m depth.
Diﬀerences on the three parameters measured between the two sites were not statistically
significant (ANOVA, p > 0.05). Of the 34 morphospecies combined from 15m and 3m depth
sampling sites, six species were shared by both sites. SIMPER analysis showed an average
dissimilarity of 88.61% between 3m and 15m sampling sites. The morphospecies that
contributed almost 30% dissimilarity includes Hemiliniardia ocelata, Hemilienardia mallet,
Etrema crassilabrum, Heterocithara hemerta and Eucithara sp. Among the 22 diﬀerent
turrid morphospecies, Hemilienardia ocelata was the most abundant at 15m depth transect
but absent in the shallower transect. In contrast to Nannodiella pusilla, the abundant
turrids at 3m transect site however, was recorded in the deeper transect. Turrid specimens
collected in the sandy substrate using the improvised sediment suctioning method were all
dead with significant number of chalky shells.
Turrid biodiversity in lumun-lumun nets
A total of 243 specimens belonging to 67 turrid morphospecies were recovered in the
17 nets set at outer barrier reef during intermonsoon, southwest and northeastern mon-
soon seasons (Table 2). The average number of turrid specimens, morphospecies and
Shannon-Wiener diversity index were highest during intermonsoon season (Fig. 4). One
way analysis of variance revealed that the diﬀerence of the univariate measures analyzed
among the three sampling seasons were not significant (ANOVA, p > 0.05). Broadly, there
was more turrid species overlap within monsoon seasons than across monsoon seasons. In
all nets set during the three sampling period, the majority of species were represented by
only a single individual.
The species composition of turrids between intermonsoon and northeast monsoon dif-
fered significantly (ANOSIM; r = 0.437, p = 0.01). This diﬀerence was also manifested in
the separation of intermonsoon and northeast monsoon groups in clustering analysis (Fig.
5) and MDS plot (Fig. 6). Spatial variation of turrids was analyzed using the distribution
of the most abundant species between depths. Turridrupa bijubata was found abundantly
with 47 specimens at 7m depth but absent at 15m depth during SW monsoon (Fig. 7).
T. bijubata during NE monsoon was also abundant at shallower depth with 17 specimens
while at 15 m depth only 1 specimen was collected. The shell length of T. bijubata ranges
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from 4 mm to 12 mm.
The combined turrid samples collected using suctioning device in the sandy habitat
and lumun lumun nets at 15 m depth yielded 43 species with no or little species overlap
(Fig. 8). The two diﬀerent methods in collecting turrids harvested only one species over-
lap during NE monsoon as well as during SW monsoon seasons. Turrids collected using
lumun-lumun nets were 80− 90% alive while turrids collected through suctioning were all
dead.
Dissimilarity of turrid morphospecies was highest between SW and NE monsoons
(100%) followed by intermonsoon and NE monsoon (94.75%) then between Intermonsoon
and SW monsoon (82%). The 100% dissimilarity of morphospecies between Habagat and
Amihan monsoon could be due to occurrence of unique species restricted to each monsoon
only. Clavus sp1 and Hemilienardia cf apiculata occurred in the L2 and L3 nets during
Habagat and L1 and L2 nets during Amihan respectively, contributed more than 12% dis-
similarity. The rest of the dissimilar turrid species between Habagat and Amihan appeared
only in one net contributing lesser dissimilarity percentage. The unique species that has
the highest contribution for the dissimilarity between Intermonsoon versus Amihan and In-
termonsoon versus Habagat were Clavus sp1 and Hemilienardia cf apiculata, respectively.
There is a striking diﬀerence of turrid morphospecies composition between the sandy
habitat substrata and the lumun-lumun nets in outer barrier reef, which suggest that
lumun-lumun does not provide a good representation of the fauna inhabiting the benthos
in a local area. The diﬀerence could also be attributed to the nocturnal behavior of tur-
rids, which could have smaller chances of collecting during day time using sediment suction
method. Most likely, lumun-lumun could be a reflection of the potential dwellers present in
the plankton as larvae. The important feature to highlight is that more than 80% of turrid
specimens’ recovered using lumun-lumun methods are alive while the suctioning method
collected 100% dead and crabbed turrids. Lumun-lumun net is a far better method in col-
lecting new recruits providing great opportunities for ecological, anatomical, morphological
and molecular analyses.
Turrid specimens collected in the sandy substrate, using the improvised sediment suc-
tioning method, were all dead with significant number of chalky shells. The turids collected
represent an agglomeration of dead shells on the upper layer of the sea bottom derived from
previously living organisms within the vicinity. It has been demonstrated in Smuggler’s
Cove, St. Croix, US Virgin Islands that the molluscan death assemblages reflect the living
assemblages from which they were derived (Ferguson and Miller, 2007).
Lumun lumun nets were being used to collect turrid recruits which were reported to
be an eﬃcient sampler in collecting micro mollusks (Seronay et al., 2010). The significant
diﬀerence of species composition of turrids between intermonsoon and southwest monsoon
suggests that recruitment of turrids collected in out barrier reef are aﬀected by the monsoon
season. The lumun-lumun sites in the outer barrier reef were exposed during northeast
monsoon season, hence the species richness and number of turrid specimens were lower
probably due to its high exposure to wind and wave action during the northeast monsoon
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period. Eﬀects of monsoons have been previously reported to influence recruitment of reef
fish (Arceo, 2006) and in the South China Sea region (Dantis et al., 1999).
Turridrupa bijubata was the most abundant turrid species found in outer barrier reef
occurring only during the southwest and northeast monsoon. Powell (1966) reported that
the shell length of T. bijubata paratypes ranges from 18 - 21 mm while those populations
collected from the nets in outer barrier reef ranges from 4 - 12 mm. This finding indi-
cates that the turrid recruits were mostly juvenile organisms. They were able to settle in
the net probably due to the presence of food like algae and sampled as new recruits until
they were collected after 2 months. The significantly higher recruits of T. jubata at 7m
depth than 15m depth suggest that environmental features such as depth may influence
the recruitment of turrids being observed at a smaller spatial scale. Planktotrophic devel-
opment is the characteristic of the majority of deep water turrids inhibiting soft-sediment
(Bouchet and Waren, 1994), which might be similar to shallow water turrids, transporting
the planktonic larvae from other localities or within the double barrier reef. Shallow water
turrid species suggest a larval survival time on the order of days to months or 1-7 weeks
(Gustaﬀon et al., 1991).
In general, Veron (1995) has suggested that the interplay of the spatial and tempo-
ral processes are exhibited from large to fine-scale patterns of species distributions. At
smaller spatial and temporal scales, the ecological controls are influenced by the immedi-
ate physical and biological environment and their historical evolutionary antecedents are
still manifested. Previous explanation of sympatric speciation occurring in the Visayan Sea
region could be an important ecological process that provides explanation on the highest
species richness in VR (Fedosov and Puillandre, 2012). This could be further investigated
using phylogeoraphic approaches using the ecological and evolutionary insights from this
study.
4 Conclusion
Lumun-lumun nets are eﬃcient in colonizing the free-swimming veliger and may serves
as better sampler in collecting turrid recruits. The dominant species collected in the lumun-
lumun nets were juveniles. Turrids collected in the sandy substrate is more diverse at deeper
area (15m) than shallow area (3m). At the finer spatial and temporal scale ecological
processes e. g. recruitment of turrids has been influenced by depths and monsoons. The
very low overlap of turrid morphospecies obtained in the lumun-lumun nets across monsoon
periods implies that turrids are not self-seeding gastropod.
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Table 1: Schedule of deployment and retrieval of lumun-lumun nets and geographical
coordinates of the three nets set at diﬀerent monsoon periods and two transects in the
sandy substrate of Outer Barrier Reef.
Net/
Transect
Code
Date of
Deployment
Date of
Retrieval
Depth
(m)
Length of Time
(days)
GPS Reading
N15T1 May 28, 2009 15 N 10.30743 E124. 40179
N3T1 May 28, 2009 3 N 10.31375 E124. 40318
N15L1-I Mar 22, 2009 May 28, 2009 15 66 N 10.30743 E 124. 40179
N15L2-I Mar 22, 2009 May 28, 2009 15 66 N 10.30770 E 124. 39922
N15L3-I Mar 22, 2009 May 28, 2009 15 66 N 10.30814 E 124. 40318
N15L1-H Jul 18, 2009 Lost 15 62 N 10.30743 E 124. 40179
N15L2-H Jul 18, 2009 Sept 10, 2009 15 62 N 10.30770 E 124. 39922
N15L3-H Jul 18, 2009 Sept 10, 2009 15 62 N 10.30814 E 124. 40318
N15L1-A Dec 17, 2009 Feb 17, 2010 15 60 N 10.30743 E 124. 40179
N15L2-A Dec 17, 2009 Feb 17, 2010 15 60 N 10.30770 E 124. 39922
N15L3-A Dec 17, 2009 Feb 17, 2010 15 60 N 10.30814 E 124. 40318
Table 2: Presence / absence of turrid morphospecies collected in the sandy sediments (3m
and 15 m depth) in Outer Barrier Reef.
Total morphospecies 19 22
Family Morphospecies NH-I
(3 m depth)
NH-I
(15 m depth)
Clathurellinae Lienardia sp.2 x /
Etrema sp. x /
Etrema cf chrysilibrum x /
Hemilienardia mallet x /
Hemilienardia thyridota / x
H. goubini? x /
Hemiliniardia ocelata x /
Heterocithara acrista? x /
Heterocithara hemerta / /
Heterocithara lata x /
Heterocithara strombilla x /
Iredalea balbatea / x
Macteola theskela / x
Mangeliinae Eucithara isseli x /
Eucithara sp. / /
Eucithara coronata / x
Eucithara capillata / x
Raphitominae Daphnella pluricarinata / x
Eucyclotoma tricarinata / x
Kermia irretita x /
Kermia edychroa / x
Kermia barnardi / x
Kermia sp. / x
Kermia sp2 / x
Nannodiella pusilla / /
Paraclathurella sp. x /
Pseudodaphnella philippinensis / x
Pseudodaphnella? crasselirata x /
Pseudodapnella sp. x /
Pseudodapnella tincta / /
Pseudoraphitoma sp. x /
Pseudorharh zebuensis x /
Pyrgocythara notabilis / x
Pyrgocithara sp. x /
Pyrgocithara sp.1 / /
Legend: = present, x = absent
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Table 3: List of turrid morphospecies and specimens collected from lumun-
lumun nets set in the Outer Barrier Reef, Bohol.
Intermonsoon Southwest Monsoon Northeast Monsoon
No. Morphospecies 7L1i
7L
2i
7L
3i
15L
1i
15L
2i
15L
3i
7L
1h
7L
2h
7L
3h
15L
2h
15L
3h
7L
1a
7L
2a
7L
3a
15L
1a
15L
2a
15L
3a
1 Anacithara ione 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
2 Anacithara cf themeropsis 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
3 Anacithara themeropsis 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
4 Anacithara? sp5 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
5 Anacithara? sp 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
6 Clathurella rugosa 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
7 Clathurella cf cincta 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
8 Clathurella sp 0 0 0 1 0 0 0 0 0 0 2 0 1 0 0 0 0
9 Clathurella sp2 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
10 Clathurella sp cf cincta 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
11 Clathurella (Lienardia) sp3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
12 Clathurella nigrotincta 0 3 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0
13 Clathurella rubida 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
14 Mitromorpha metula 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 Nannodiella sp 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0
16 Nannodiella sp1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
17 Nannodiella sp 4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
18 Ethrema polydesma 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19 Etrema cf polydesma 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 0
20 Etrema sp1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
21 Ethrema cf tenera 0 0 0 1 1 0 0 0 0 0 1 0 1 0 0 0 0
22 Hemilienardia cf apiculata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0
23 Hemilienadria apiculata 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0
24 Hemilienardia aﬀ purpurata 0 2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0
25 Hemilienardia? sp 2 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
26 Heterocithara sp. 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
27 Heterocithara sp1 0 10 1 0 0 1 1 0 0 0 0 0 0 0 0 0 1
28 Heretocithara sp2 0 0 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0
29 Heterocithara sp3 2 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
30 Heterocithara himerta 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0
31 Iredalea balbatea 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
32 Iredalea pupoidea 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
33 Clavus bilineatus 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0
34 Clavus protentus 1 2 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0
35 Clavus formosus 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
36 Clavus sp 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0
37 Clavus unizonalis 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 0
38 Daphnella? sp 3 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
39 Eucithara cf harpelina 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
40 Eucithara aﬀ later 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
41 Eucithara sp. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
42 Eucithara cf coronate 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0
43 Eucithara cf angela 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2
44 Eucithara cf eupoecila 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
45 Eucithara cf zonata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
46 Eucithara zonata 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0
47 Eucithara sp2? 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
48 Eucithara sp3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
49 Eucithara cf sp3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0
50 Eucithara fusiformis 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0
51 Glyphostoma sp1 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0
52 Tritonoturris sp1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
53 Tritonoturris buccinoides 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
54 Kermia sp1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
55 Philberta cf product 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
56 Philbertia sp1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
57 Pseudodaphnella cf.maculosa 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
58 Pseudodaphnella aﬀ maculosa 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
59 Pseudaphnella aﬀ philippinensis 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0
60 Pyrgocythara notabilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
61 Pyrgocythara aﬀ notabilis 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
62 Paramontana af blandorfi* 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
63 Veprecula echinata 0 1 0 1 3 0 0 0 0 0 1 0 0 0 0 0 0
64 Veprecula vepratica 0 0 0 1 1 0 0 1 0 0 1 1 0 0 0 0 0
65 Turridrupa bijubata 0 0 0 0 0 0 45 2 0 0 0 8 8 1 0 0 1
66 Turridrupa jubata 8 5 0 1 0 1 3 1 0 0 1 0 0 0 0 0 0
67 Turridrupa sp. 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0
Total number of
specimens 15 35 1 13 12 5 60 7 12 6 14 12 21 3 12 5 8
Total number of
species 7 12 1 13 9 5 11 6 11 6 12 4 11 3 9 4 7
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Fig. 1: Map showing the sampling sites in the outer barrier reef Danajon Bank in Nocnocan
Island, province of Bohol in the Central Philippines. Inset is the map of Central Philippines.
Fig. 2: Cross sectional representation of the Outer Barrier Reef, Danajon.
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Fig. 3: Spatial variation in a) number of species, b) number of individuals, and c ) Shannon-
Wiener’s diversity index (mean per replicate ± standard deviation) of turrid snails at 3m
& 15m depth in outer barrier reef collected using suctioning method.
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Fig. 4: Temporal variation in a) number of species, b) number of individuals, and c )
Shannon-Wiener’s diversity index (mean per replicate ± standard deviation) of turrid
snails in outer barrier reef collected from lumum-lumun nets.
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Fig. 5: Clustering analysis of turrids collected from outer barrier reef. Red vertical lines
indicate no significant classification while black vertical lines indicate significant classifica-
tion. Separation of intermonsoon group (enclosed with red box) and northeast (amihan)
group (enclosed with blue box) is significant.
Fig. 6: Multi Dimensional Scaling plot of the outer barrier reef lumun lumun nets sites
showing the clustering and clear separation of intermonsoon (green triangle) and northeast
monsoon or amihan (light blue square).
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Fig. 7: Size frequency distribution of Turridrupa bijubata in Nocnocan outer barrier reef.
Fig. 8: Turrid species overlap between sandy habitat (SH) and lumun-lumun nets (N) at
15m depth in Nocnocan outer barrier reef.
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